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(71) We. Matsushita Electric In- 
dustrial Company Limited, a Japanese 
company, of 1006 Oaza Kadoma, Osalca-fu, 
Kadoma-shi, Japan, do hereby declare the 
5 invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement: — 
10 This invention relates to a display or 
display and recording device, hereinafter 
referred to, for brevity, as a display device. 

The invention includes a display device 
comprising a layer, including a luminesc- 
15 ent material, the luminescent appearance of 
the device being controllable by elcctro- 
phoretic movement . of an elcctrophoretic 
material in said layer. 
The invention also includes a display 
20 device comprising a layer including a sus- 
pension medium and at least cne material 
in a form susceptible of elcctrophoretic 
mobility suspended in said medium, at 
least one of the components of said layer 
25 being luminescent, and at least one of the 
components "of said layer being substan- 
tially opaque to the radiation which excites 
the luminescence or to visible light, said 
suspension being bounded by opposed sur- 
30 faces, spaced electrodes positioned with 
respect of said surfaces whereby on apply- 
ing an electric field across said layer be- 
tween said electrodes, the spatial distribu- 
tion of said elcctrophoretic material be- 
35 tween said surfaces is elect rophorelicaUy 
changed whereby to change the luminescent 
appearance to said device, 

The invention makes possible a lumines- 
cent display device having a large and /or 



flat or curved display panel. The panel can 
be flexible. 

Other features and advantages of the in- 
vention will be apparent from the following 
description of embodiments thereof, given 
by way of example, and the accompanying 
drawings, in which: — 

Figures la, ib and lc arc diagrammatic 
cross-sectional views, of a display panel; 

Figures la and 2 b are cross-sectional 
views of another form of display panel; 

Figures 3a and 36 arc diagrammatic 
cross-sectional views of another form of dis- 
play panel; 
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Figures 4a 
cross-sectional 
display panel; 
Figure 5 is 



and 4b arc diagrammatic 
views of another form of 55 



a diagrammatic perspective 
view, part broken away, of a form of dis- 
play panel; 

Figure 6a is a diagrammatic front view 60 
of an electrode for use in monogrammic 
character display panel; 

Figure 6b is a diagrammatic cross-sec- 
tional view of the panel of Figure 6a; 

Figure 6c is a diagrammatic front view of 
an alternative form of the electrode of 
Figure 6a; 

Figure 7 Is a diagrammatic perspective 
view, partially broken away, of an imaee 
display panel; 

Figures 8a, 86 and 8c arc diagrammatic 
cross-sectional views of an electrostatic 
image display panel according to this in- 
vention; 

Figure 9 is a diagrammatic cross-sectional 
view of another form of image display de- 
vice; 

Figure 10 is a diagrammatic cross-sec - 
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tional view of an electrostatic image dis- 
play; 

iqaurc 11 is a diagrammatic cross-sec- 
tional view of a display panel; 
5 Figures 12a and 126 are diagrammatic 
cro^tional views of a form of d.splay 
panel; 

Figure 12c is a diagrammatic front view 

,0 OE rSre P '?3' r a e, Wra m matic perspective 
view of a member for use in the panel of 

Fi l>urc 2: i4 n t a diagrammaUc cross-sec- 
tional vdew of another form of display de- 

15 tlie drawinss. the size and shapes of 

elen en s arc not to scale and numerous 
H™us have been purposely dist orted in 
size or shape for clarify. 



"° ter 20 desfenatcs a luminescent dspbyor 
disnl-v and recording panel whica includes 
^luminescent dcefrophorelic suspension 

^T^susnension layer 21. in a fluid state 
is contained within a housing 22 formed of 
a frame 23 and two opposed major housing 
waTs 24 and 25 of inicrial transparent to 
radiation flux and visible HSW; 
30 The suspension layer -21 presents too 
J ° opposed major surfaces extending .along d» 
surfaces of the housing walk 24 and 
Tl e suspension includes a dtspersion of at 
least one elcctrophorctic material 26 in a 
-s fine!" divided powder form suspended ui a 

in this and subsequent Figures. The two 
s-.rfVc-s of the suspension layer 2 are in 
An coma : t r^pectivclv with first and second 
40 dectrodes 28 and 29. which are of material 
?S£5Sit to radiation flux and visible 
IMiC the electrodes arc attached to the 
inner surfaces of the housing walls 24 and 

45 25 The electrodes 28 and 29 are mounted to 
tl J terminals of a direct voltage source 30 
throa-h a switching means jI. « no eiec 
St&d is imposed on the suspension lager 

50 from said source ■ » to 0^ 



throudiout the suspending medium 27 as 
shown diasramrnatically m Figure la. 
Radiation sources 32 and 33, for sample 
55 ultra-violet light sources, are positioned on 
onoosite sides of the panel so as to direct 
radh on flux on both sides of die suspen- 
sion lavcr. If the elcctrophorctic material 
26 is luminescent and emits for example 
60 «reeP lUht when excited by ultra-violet ight 
Snd "ti e suspension medium 27 is not tam- 
toescent and strongly absorbs the visible 
"4?and/or the radiation flux, the suspen- 
sion uVyer 2 exhibits a deep green colour 



at electrodes 28 and 29 in response to the 65 

^Sedeep green suspension layer is sub- 
jected to a unidirectional electric field by 
voltase from source 30. the elcctrophorctic 
material is caused to move dcctrophorctit- 70 
ally in a direction toward the cathode or 
the anode, depending upon us polarity. For 
example if the material is negatively 
charged, it moves and is deposited on the _ 
anode 28. A non-uniform spaual distnbu- /.-> 
lion results as shown diagrammatically in 

Fiaure 16. ... ... 

This different spatial distribution of the 
material 26 results in a luminescent appear- 
ance differing from that of the original sus- b0 
pension layer of uniform distribution. For 
Sample, the panel may show a bright green 
colour at the anode because the green light 
-emitted in response to_source 32 ri^inMhe— 
layer of the clectrophorelic material do- !>5 
nosi.ed on the anode is directly visible 
throu"h the anode 28 without transmission 
through and absorption by tne suspension 
medium 27. The cathode side of the panel 
is dark, since light emitted from the e.eciro- 90 
nhorelic material adjacent the anode is ab- 
sorbed on transmission through tne suspen- 
sion medium. Reversal of the direction o. 
the field by reversing the polarity of l.ic 
aoplicd voltage, * c J=lectrophorel.c 9s 

material to be dcix>sitcd on the cathode 
as" shown in Figure Ic. and a reversal of 
the colour characteristic of the panel. 

The forcsoing description assumes that . 
the suspension medium is not luminescent, iw 
but this may not t» so. and a tarauK*»nt 
suspension medium can be used. In tins 
case, the panel may exhibit, at its surfaces 
colours which are additive mixtures _of .k 
luminescent colours of the medium and lU W- 
clccrophotoreiic material. The device of 
Figure lb or Figure Ic will snow, at elec- 
trode 28. colours which are substamiaHj 
the luminescent colours of the eleclro- 
phoretic material or the suspension medium I 
respectively. The colour characteristic of 
the panel depends upon the spatial distri- 
bution of tuc clectrophorelic material. ihu 
luminescent properties of the electro- 
-SholSfc material and the suspension!^ 
medium and transmission properties of tlu, 
cleeirophorclic material and flic suspension 
medium for radiation flux and visible Iigi t. 
In this way. when the device is exposed to 
the radiation flux its luminescent appear- i-o 
ance will change due to dcctrophoreiic 
movement of the material 26. 

If only a small amount of the elcctro- 
phoretic material is deposited on the anode, 
a half-tone appearance is produced: at un. ■ — 
anode side of the panel dependent upon 
the amount of material deposited clectro- 
phoretieal'.v on die anode Hence the colour 
characteristic at the anode side of the panel 
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is subject to continuous control by con- 
trol- of the amount of material deposited 
dcctrophoredcaily on the electrode, and 
this can be controlled by the direction, mag- 
5 nilude or period of application of the volt- 
age. Since the colour at the cathode side of 
the panel is affected by the electrophoretic 
movement of the electro phorclic material 
toward the anode, the colour of die dis- 
10 play panel can be changed by varying the 
magnitude, the duration and the polarity 
of the applied electric field. 

Electrophoretic material deposited on an 
electrode surface by electrophoresis will 
15 remain on the electrode after the removal 
of die applied electric field, and this means 
that die display device described serves to 
record information v/itiiout the sustained 
use of electric field or power. The panel 
20^ean~ be -restored to its original colour by. 
an appropriate electric'ficld of reverse 
polarity or by the application of strong 
mechanical vibrations to the device. An 
applied A.C. electric field to the suspension 
25 layer can also effectively restore the original 
colour of the panel. 

With the device shown in Figure 1. 
changes of the luminescent appearance of 
the suspension layer can be observed from 
30 both sides of the panel since the radiation 
sources are positioned one on each side of 
the panel, and two walls of the housing and 
the two electrodes are aH transparent to 
radiation Mux and visible light If it is dc- 
35 sired to observe the device from one side 
only the other housing wall and the attached 
electrode can be replaced by an opaque 
conductive plate such as a rnctai plate for 
example, and the corresponding radiation 
40 source omitted. A suspension layer com- 
prising a luminescent suspension medium 
and at least one luminescent or non- 
luminescent electrophoretic material sus- 
pended in the luminescent suspension 
45 medium can also be used. At least one of 
the components of the suspension layer, that 
is tlie. suspension medium or the electro- 
phoretic material, must be luminescent and 
another component must be substantially 
50 opaque to the radiation flux and /or visible 
light emitted from the one luminescent com- 
ponent The desired opacity can be due to 
absorption and /or reflection of the radia- 
tion flux or visible Ihrfit 

55 In another form of the device a radiation 
source is disposed behind the panel and 
visible light is emitted from the front When 
a device of this type is observed through 
the electrode 28, for example, the radiation 

60 source 32 is removed and the housing wall 

24 and the electrode 28 must be trans- 
parent to visible light and the housing wall 

25 and the electrode 29 must be transparent 
to the radiation flux. The operation of such 

65 a device can be explained with reference to 



Figures la, lb and 1c If the electrophoretic 
material is luminescent and the suspension 
medium is non-luminescent and strongly 
absorbs light emitted from the electro- 
phoretic material but transmits the radiation 70 
llux widiout substantial absorption, the 
brightness of the device with the same 
spatial distribution of the electrophoretic 
material as indicated in Figures la, lb and 
1c is medium, high and low, respectively. 75 
On the other hand, if the non-luminescent 
suspension medium does not substantially 
absorb the light emitted from the olectro- 
phorctic material but strongly absorbs the 
radiation flux, the brightness of the device 80 
in the conditions of Figures la, lb and lc 
is medium, low and high, respectively. Thus, 
die colour characteristic of such a device at 
die side opposite the radiation source can 
be_ change^*3^-appHcation of a suitable ~85_ 
direct voltage. There can also be used sus- 
pension layers in which the. suspension 
medium is also luminescent, or the electro- 
phoretic material is non-luminescent but 
the suspension medium is luminescent 90 
When there is only one luminescent com- 
ponent in the suspension layer anoUicr 
component in the suspension layer must be 
substantially opaque to radiation flux or 
visible light emitted from the luminescent 95 
component 

A device in which the radiation source is 
located behind the panel is useful for many 
display purposes as it does not require a 
large space in front of the panel. 100 

The unidirectional voltage for control- 
ling die electrophoretic material need not 
be a constant direct voltage and may be 
any other unidirectional voltage such as a 
pulse voltage or pulsating voltage. 105 

The radiation flux for activating the 
luminescent suspension layer can be any of 
a number of suitable sources; in addition 
to ultra-violet light there can be used 
visible light x-ray, 7 -ray, electron beam or no 
oc-particlcs. Such luminescence phenomena 
are usually called photoluminescencc, radio- 
luminescence or cathodoluminescencc, res- 
pectively. Examples of ultra-violet sources 
include fluoroesceut lamps, mercury lamps, 115 
xenon lamps -or sun light 

Ultra-violet fluorescent lamps such as. 
for example, a lamp radiating in a range 
about 2537A. chemical lamp radiating ultra- 
violet light of about 3000A or a black light 120 
lamp radiating ultraviolet of about 3600A 
arc convenient to use. By positioning several 
lamps behind the display panel a relatively 
slim display device can be made, emitting 
visible light information from the front of 125 
the panel. 

It is not necessary that the radiation 
source should be positioned outside the 
suspension layer, and the source can be dis- 
posed inside the layer. Radioactive isotopes 130 



1314.906 



ctirh n for example, radium, strontium 90, 

flux such as a-particlcs or electrons. If the 
^ynsion layc? includes a suitable radio- 

5 actrvc isotope and at least one uniinesecnl 
cominent capable of radiation visible 
Stb^Se radiation flux from the isotope, 
dfe device is self-luminescent and no ex- 
ternal source of radiation is required. 

,0 The means for activating the suspension 
layer is not restricted to a radiation source 
and the layer can be made to emit visible 
MM by excitation by an electric : field 
applied across the suspension layer tha t is 

15 by electroluminescence. When the c ectro- 
phorclic suspension layer includes at tea* 
one component consist ng of an elcctro- 
lummesccnt material in the suspens on 
S'r ^n ek;tric_ ^applied across Uie 

escent material to emit visible light The 
electric field for this purpose can be any 
Suitable time-varying field, including an 

phorclic material consists oe an decao- 
luminescent materia!, the suspension laver 
c"made to emit light «l« 




field applied across the suspension layer 
To control its briglitness can change the 
SaST distribution of the clectrophoretic 
35 material in the suspens on medium e tab- 
" 5 Ushed by application of the unidi«:Uo^l 
voltane. For example, a spatial dbtobu- 
tion of dectrophcrelic material sucn as urn* 
shown in Fieures lb or Ic established by 
40 S ^pUsttfin of a unidirectional ycltage 
40 may l£ destroyed by an alternating field 
aoolied from the voltage source 30. to con- 
trol the briditncss of the suspension layer, 
and chamrc'it to the distribution of elcctro- 

This change in the spatial distribution of 
tiie electrophoretic material Spends upon 
tl c magnitude, the duration and the fre- 
quent the alternating voltage applied 
^ If the clectrophoretic material suspended in 

quencv of the applied alternating voltage to 
?he extent of vibrating between the ecc- 
S5te the device emitl light, at both clcc- 

55 trodcT. cyclically varying at the frequency 
of the applied voltage. 

On die other hand, if the suspen- 
sion layer having a spatia distnbutioii 
of the Clectrophoretic materia as shown 

60 in Fiaure la is subjected to. for cx- 
L repeated unidirectional pu se volt- 
es from P die voltage source 30 the ncga- 
tWe electrophoretic material, while emit- 
n- light moves toward an anode under 

65 £c influence of the pulse voltage and is 



deposited on the anode surface, whereby the 
device emits electroluminescent light at 
the anode. In consequence, a device having 
a suspension laver in a liquid state bright- 
ened by an electric field having a direct 70 
component, cannot produce a stationary 
half-tone display because the applied volt- 
age deposits all of the electrophoretic ma- 
terial on the one electrode. If, as described 
hereinafter, the suspension layer is hard- 75 
ened after the desired spatial distribution of 
the electrophoretic material is established 
by the unidirectional field, application of 
any electric voltage from the voltage source 
30 across the suspension layer to control SO 
the brightness of the suspension layer can 
maintain the desired colour of the display 
without changing the spatial distribution of 
the clectrophoretic material in the suspen- 

.sian jtiediuiu..*: 1: . , 85 

The suspension layer may also consist of 
an electroluminescent clectrophoretic ma- 
terial suspended in an electroluminescent 
suspension medium, If the colour of the 
lidit emitted by electrophoretic and sus- 90 
pension mediums differ in hue and/or 
saturation, the colour characteristic of the 
display can be varied over a wide range 
bv varying the polarity of, for example, a 
repetitive pulse voltage applied across the 95 
suspension layer. The electroluminescent 
suspension medium can be prepared by. for 
example, suspending an electroluminescent 
non-eleetrophoretic material in non-clcctro- 
luminescenl suspension medium. In the pre- too 
sent specification, the expression "suspen- 
sion medium" includes not only a single 
phase liquid or solid m-jdium but also a 
suspension comprising nou-clectrophorelic 
particles suspended in a liquid or solid 105 

medium. . 

The suspension medium opaque to visible 
liaht can be prepared by dissolving a 
coloured substance, such as a dye, in a 
colourless liquid, or by suspending electric- j io 
ally neutral coloured panicles, such as dyes 
or pigments, in a colourless liquid. As an 
example, a deep blue suspension medium 
can be prepared by dissolving oil black dyes 
in ethyl acetate or kerosene. 115 

Fisures 2a and 2b. show another form of 
displav means: in these and in subsequent 
Figures, similar parts bear similar refer- 
ences. In Figure 2 a luminescent or non- . 
luminescent porous laver is inserted in a l-U 
suspension medium 36. The suspension 
medium 36, the porous layer 35 and the 
electrophoretic material 26 together make 
up a luminescent electrophoretic suspen- 
sion laver 37. Merely to facilitate cxplana- l-P 
tion, it is assumed* that the suspension 
medium 36 is non-luminescent and transpar- 
ent with respect to radiation flux and visible 
lisht. In the device of Figure 2a, when the 
device is subjected to radiation flux on bolh 130 
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its surfaces, a luminescent colour will be 
produced which is a mixture of the lumin- 
escent colour of the clectrophoretic material 
26 and that of the luminescent porous layer 
5 35, if the porous layer is luminescent and 
the colour can be seen from both electrodes. 
In Figure 2 and subsequent Figures the 
radiation sources are omitted. 

If for example the porous layer emits red 
10 light when subjected to ultra-violet light, 
the display device emits yellow light at both 
electrodes, being an additive mixture of 
the red luminescent light of the porous 
layer 35 and the green light of the clectro- 
15 phoretic material. If a unidirectional electric 
field -is applied between the two electrodes 
28 and 29, the clectrophoretic material is 
caused to pass through the porous layer and 
to be deposited on one electrode, depending 
20 ~ upoiuKs polarity, for example the anode, 
as shown" in Figure 2b. Also, for ease of ex- 
planation, it is further assumed that the 
display is observed from one side only, that 
is from the side of wall 24 and that the 
25 radiation is directed against that side only; 
in such an arrangement the housing wall 25 
and electrode 29 could be replaced by an 
opaque electrode such as for example, a 
metal plate. If ihe layer of eleclrophoretic 
30 material 26 deposited on anode 28 is opaque 
to the radiation flux and /or the light emitted 
from porous layer 35, the device in the ex- 
ample given will show the green colour of 
the clectrophoretic material. With a direct 
35 voltage of opposite polarity applied between 
electrodes 28 and 29, the clectrophoretic 
material is caused to pass through the 
porous layer 35 and to be deposited on the 
electrode 29. If the porous layer is substan- 
40 tially opaque to the radiation flux and/or 
the light emitted from the clectrophoretic 
material, the red light emitted from the 
porous layer in response to the radiation 
will be seen. Thus, the colour characteristic 
45 ot the device can be changed from green 
dirough yellow, to red, or vice versa, de- 
pending upon the polarity of the applied 
direct voltage. 

In another arrangement, the radiation 
50 source is arranged behind the panel, as 
source 33, and no radiation is directed agaiiist 
the wall 24, from which side the device 
is observed. If Hie porous layer 35 and the 
clectrophoretic material 26 are opaque to 
55 radiation flux but transparent to visible 
light, or are opaque to visible light 
but .transparent to radiation flux, die 
colour characteristic of the device can be 
changed from the green, through yellow 
60 to red. or vice versa, again depending upon 
the polarity of the applied direct voltage. It 
is not always necessary that the porous 
layer and the electrophoretic material 
should both be luminescent: if one at least 
65 is electroluminescent, the colour character- 



istic of the device can be changed by vary- 
ing the polarity of a respective direct voltage 
pulse or a pulsating electric voltage from 
voltage source 30. 

The porous layer 35 can be made from 70 
any luminescent or non-luminescent sheet 
material in which pores exist or can be pro- 
duced. The pores must be of a size large 
enough to permit the particles of electro- 
phoretic material to pass through but must 75 
be as small as possible to disturb the trans- 
mission of radiation flux or the light 
emitted from the luminescent component. 
Suitable materials include cloth or a mesh 
fabric woven of natural or artificial fibres; 80 
a fibroid sheet having thousands of irre- 
gular pores; a than plate with a very large 
number of very small holes; and a sheet 
of material of a granular nature bonded 
wuh resin or an ad3§SPS a^ent to form a 85 
porous structure. 

In the construction of Figure 3<r a sus- 
pension medium 39 includes at least two 
kinds of clectrophoretic materials 40 and 
41 in finely divided powder form. For sim- 90 
phcity of description, it is assumed that the 
suspension medium 39 is non-luminescent 
and transparent to radiation flux and visible 
light The suspension medium and the ma- 
terials 40 and 41 together provide a lumin- 95 
csoeni electrophoretic susoension layer 42 
The two materials 40 and 41 differ with 
respect to charge polarities and luminescent 
properties. It is not necessary that both of 
the electrophoretic materials 40 and 41 of 100 
the suspension layer should be luminescent. 
This device displays at its opposite sides 
a colour which is a mixture of <he lumines- 
cent colours of the two kinds of clectro- 
phoretic materials 40 and 41 when excited * 05 
by radiation flux or alternating electric 
field. 

If a unidirectional electric field is aoplicd 
to the clectrophoretic suspension layer, the 
two electrophoretic materials 40 and 41 of 110 
different types arc caused to move clectro- 
pnorcticaily in opposite directions. The ma- 
terial of positive polarity moves towards the 
cathode and is there deposited, and that of 
negative polarity moves to and is deposited 
on the anode, as indicated in Figure 3b. 
If the material of positive polarity emits, 
for example, green light and the other and 
negative material emits, for example, red 
light, a spatial distribution of electrophoretic 120 
materials 40 and 41 as indicated in Figure 
3 b wiH result, producing a green colour at 
the cathode side and red colour at the 
anode, since the electrophoretic materials 
arc substantially opaque to radiation flux 125 
and /or visible light. 

Before the unidirectional electric field is 
applied the device has ^ yellow colour at 
both electrodes, due to uniform spatial dis- 
tribution of the grccn-lumincscent material 130 
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"and the rcd-lununcsccnt^atcnal. as indi- ^g^&gZ 

calcd ia h 7 ,gUr ^- ,„istic 0 f djc display such as alternating pulse or pulsating dec- 

a radiation source al one s.oe only as des J^"^ disl nbution of the 

cribed above. ir, mlT ~- *a and eleclronhorclic material in die suspension 

In ihc device shown '» ^J^V- er 44 u^u^cctronitoroliealiy so that the mag- 75 

4b an electrophone ^uspen^n L,.r «, u Urn. o ^ ^ ^ iag a 

includes a suspension malum j v „ bri „hmess of the luminescent compon- 

Jeast two kinds ; of ,^F^ T ^ J^fomt- wTtaSS suasion layer changes and/ or • 

45 and 46 in fnwly divided Pf ^f.^ 1 ™ 1 ' £J Remitted from the luminescent com- 
,he two material! ; have Ihc J™*^££ suspension layer changes in SO 

15 ^ b fnd d i&J^SS& &aad/or spectral property before the 

mobilities and l"™""-™* £ has on lisht emerges from the device. The sus- 

laiually. the device of Hgu-e la t as on i ih erefore. must compr 



example. yellow and blue light. ^ m q p ^ lcnl . Tiot including the one iummes- 

the device sho^vs wtatecdw. the addiuve con p ' • and fee selcclcd f 
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35 



^^.*«^1ffiSriS£ ™^nc^ and : ^ay besetted from 

both typos cf e'ectropborot c mte r.a ar. ^diun^ me . e r . f 

caused to move elcctrophoreticall> m the J-.P 0 ^^^ fron f ouc sidc only, for 

same direction. , nrf </; t . v .iniole from the side of electrode 23, the 95 



fc ,^v. ',!,, .o.hnrfi- as indicated tnc eiecirouc adjacent mui »■ — ■« — 

deposited ^^^^^us^effis a transparent to die radiation flux It is 

m „ FlSUrc i^ Jjrf S ShodTand a possible to construct devices of different 

yellow colour tov ™™ *° ^"t^ is be- ypc by directing the radiation source toward 10 5 

40 blue colour towara the anodu iu» s ° jV^ » - d the front Ql &ti 

cause the electrophoreiic matcr^s 45 ana v.. ^ _4 i ia ^ ^ thc 

46 are substantial y opaque to radiate flux panel, orw^ fa ^ ^ 

and/or visible light. ,:.„i,„o n rf r.ient. the '.vail and the electrode facing iiie 

The colour of the display or display ana dialion SOUf0e must ^ transparent to the | io 
45 recording device can be reversed by ircwrs. flux 

DO pension la>er ~ m P"^ ft *,« tr0 r5iorctic 50 includes at least one electrophorc 
met 
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i ^ „r«hW from T at least one of the across Uie entire wall 24. The dev«cc is m- 

S h °^ni,niSe Y material'. The electro- tended to be observed only from the side of 
deetrophoretio .m* 1 ?™ 1 - ;'. ' , „ -u and ^ v/a |i 24 and the electrode 125 

phorctfc .^f^£^SS»d torn 52 "re made transparent to al least visible 

T ™ ^cons^ of a suspension light If the electrophoreiic suspension , ayer 

die ■• SwSmSc material and a 50 is electroluminescent^ the dev.ee will dis- 

medium the dcarcj suspcns ion P !ay thc svmbo! *E' upon application of. for 

65 Cr"U^^ Sounple, a sinusoidal a.ternating vo.tag,. X70 



7 



1314.906 



7 



or an alternating or direct pulse type voltage 
between electrodes 51 and 52. The colour 
of the *E* can be changed for example by 
reversing the polarity of the applied direct 

5 voltage. 

When the layer 50 emits light when ex- 
cited by radiation fmx; the device is pro- 
vided with at least one radiation source, in 
front of or behind the panel, and the wall 

10 and electrode attached exposed to the radia- 
tion flux must be transparent to it. The 
colour characteristic of the symbol- can be 
changed, while the suspension layer is ex- 
posed to radiation flux, by varying the mag- 

15 nitudc, duration of application or polarity 
of the applied direct voltage. 

The construction shown in Figures 6a 
and 6/> includes a luminescent electro- 
phorctic suspension layer 50 which can be 

20 wiy of t^e^ficlrophoretic suspension layers 
described, such as* tayerfr 2 It 37, 42 or 44. 
The layer includes at least one clcctro- 
phoretic material suspended in a suspen- 
sion medium and is enclosed in a housing 

95 22 having two opposite major walls 24 and 
25. 

A first electrode 53 is composed of a plur- 
ality of separate segmental electrodes 
S t — S r . A second electrode 52 extends uni- 

30 formly over the area of wall 24. The wall 
and electrode through which the device is 
observed are transparent to at least visible 
Hght. When layer 50 is exposed to radia- 
tion flux to cause it to emit light, the wall 

35 and adjacent electrode exposed to radiation 
flu;: must be transparent to the fiux. Elec- 
trodes S, — S T arc connected through con- 
ductive leads io electrical terminals T, — T ; 
positioned on the exposed surface of the 

40 wall 5 as shown in Figure 6b. The elec- 
trodes S t — S- provide a monogram mic de- 
vice, so that different combinations of the 
electrodes S t — S : can be used to present 
different numbers or characters when a 

45 direct electric field is applied across the 
selected segmental electrodes and the sec- 
ond electrode 52 while the suspension layer 
50 is exposed to radiation flux. For ex- 
ample, a direct electric field applied across 

50 the electrode 52 and the segmental elec- 
trodes S,, S 4 , S ; , ,S r . and S 7 wHl cause the 
device, to display a formalised figure *3\ 

Tn anoiher method of connecting the seg- 
mental electrodes S, — S r to the respective 

55 terminals, shown in Figure 6c, the electrodes 
are connected to electrical terminals located 
on tiie edges of the wall 25 by using leads 
L, — L T formed on the same surface as the 
segmental electrodes. Other methods of 

60 making the necessary connections can be 
adopted. 

*Ric construction of Figure 7 includes a 
suspension laver 50 which can be any of the 
layers described such as layers 21, 37, 42 
65 or 44 and as such includes at least one 



elcctrophorelic material suspended in a 
suspension medium, enclosed in a housing 
22 having major walls 24 and 25. 

A first electrode consists of a series of 
strip electrodes x„ x tf x.. . . . which are 70 
parallel to each other and arc attached to 
the inner surface of wall 24. A second 
electrode is attached to the inner surface 
of wall 25 and consists of a further series 
of strip electrodes y lf y- f y 3l . . . parallel 75 
to each other and at right angles to elec- 
trodes x,. x = , x- . . .. 

If the device is to be observed through 
the wall 24 the wall 24 and the adjacent 
electrode must be transparent to visible 80 
light When the suspension layer 22 is ex- 
cited by the radiation flux so as to emit 
light, the device has at least one radiation 
source in front of or behind the panel. The 
4iousing-Avall-aml -tlic electrode facing to- 35 
ward the radiation source arc transparent 
with respect to the radiation flux. 

A unidirectional electric field is applied 
between one electrode of the series x (t x = . 
x lt . . . and one of the scries y lt y = , y„ . .". 90 
If, for example, voltage is applied" between 
electrodes x. and y a , that part of the sus- 
pension layer 50 at the intersection elec- 
trodes x 2 and y. is subjected to the field 
and forms one picture element. The 95 
narrower the strip electrodes, the smaller 
the picture elements thus formed. 

More than one electrode can be selected 
from each series to enable a desired pattern 
of picture elements to be built up. Scan- 100 
ning techniques can be utilized to scan the 
pjcture elements sequentially and cyclically. 

The desired series of strip or segmental 
electrodes as shown in Figures 5. 6 and 7, 
can be prepared by any suitable method, 105 
such as electrodcposilion, vacuum evapora- 
tion, printing or phqtcctching^ techniques. 

Another embodiment of the invention is 
shown in Figures Set, ob and 8c. This in- 
cludes a suspension layer 50, which can be 1 10 
any of the layers previously described. The 
layer includes at least one clcclrophorctic 
material suspended in a suspension medium 
and is enclosed in a housing 22 having 
spaced walls 55 and 56; at least one walL 115 
in this case wall 55, consists of a sheet of 
an insulating material such as polyester, 
cellulose acetate, cellophane or polyethyl- 
ene. 

An electrode 57 is placed on the outer 120 
surface of the wall 55: it is not fixed to the 
surface of the wail and can be easily re- 
moved. The electrode is, however, coupled 
to the suspension layer 50. The second 
electrode can be, for example, a metal plate 125 
and as shown is constituted by the other 
wall 56 of the housing. 

If the second waH has a high electrical 
resistance, a second electrode can take the 
form of a thin electrically conductive film 130 
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" '. - ._,„..„ -r f i,» wj.ii two walls, or one or both surfaces of the 

attached to the inner surface o Uic waU wj^rcai be attached to the surface of the 
56: again, it is a ^ » « f adjacent waU. The spacer need not be in- 
clectrode. a mctol plate on **KhJg wall , aye r which includes a 

56 is placed. If the waH 55 to a h.gn «ec ^ as ^ . { |aycr B 7Q 

^ntact area of ^^us!^- US 

can be given a pattern, and when l a direct m i r igun, ^ atlaclicd 75 

10 electric field is applied corrospoading pai- * a "i c %^e 09 connected to a voltage 

terns are produced on the surfaces o : wa«s ^ 7^' dectrode 29 are 

5 ? r^^nmterial Cd £ pattern W^t to at least visible light. Housing 

visible light and Ae wall exposed to radia- a cautode m> jgytanjj. 
tion flux must be transparent to it. means go bv which negative 

The electrode 57 can be a manip^Iablc ^ ^m 0 m^ ^ n ^ 

20 electrode, such as a p&i- like dec g^^^^fiSag Vurfacc of the 

able of being moved freely over he surface *S™ B ™^ u £ mg thf beam intensity, 

of wall 55 and ii is then possible to produce wall j>x »y moo ^ => ,. , vkJ . 

a desired pattern, or writing, on the ; surface for ^ uiIt up wiU pro- 

o£ II« waU by apply^U*^ g du^TcSonding electric field ac^s 90 

25 pen electrode and electrode at 56. «!ulc tnc , a ~ cr 50 whcn the sus . 

electrode 57 is moved. - . , • • ^p^d to radiation flux. 

T??C Wm^^u^^uS &blc patterns are reproduced on the mils 
pension layer 50 can b~ prouueca oy sun a r movement of the c!cc- 

charging of : the high j£c material. Conveniently the radia- 95 
30 using charged particles : sucu as ions or c c directed onto the suspension 

irons in a manner sunilar to t.iat used m w nu„ ^ tranS p ar c„t window 63 in the 



80 
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— . i aver iarousni u uau>i*atvitL nmuwM v.- ... 

clectroslatic recording. MffAPnc enveloo* and throush wall 55. or through 
To erase the electrostatic patterns, a c.i/Jq j* « ^"g^^ 20. In tlic laUcr 
roller having a conductive s surface can be ^ ^ X ^^^V^d wall 25 are 100 
35 ^wiiha^ ^p^^iorT flux and lo vi* 
plied to it, the ^^f^^ 10 ^^^ :^ t ^ tc , vindow is not nsccssary. The first 
insulating sunace of the waHL ^«raw 1 *; Lfede 29 acts as an anode, and the ex- 
positive or negative Imxw 61 acts as a cathode. Tlte visible 
be put on the surface of the wall to produce tvoA ^ ^ |c lQ - 

40 the erasing electric held. «iakm characteristic of wall 55. . 

It is preferred to insert between walls 5:> - fa ft modIfication c f the display device 

and 56 a spacer such as a porous toyer So. in _ Haurc 9 Uic wall 55 is replaced by 

as shown in Figure 86. or a sheet W navin 0 - w i ro . m osaic faceplate consisting of a 

a large number of projections as shown in ^ shcct havin «y embedded therein 110 

45 Figure 8c. particularly when the walls are a ' laPt f c nuniber c f fi n; f transversely cxtend- 

of flexible material. Said spacer is substan- w j re . aiosa fe provides the 

riailv transparent to visible hgnt and radia- c (^ trioal conn ection between the electron 

tion flux and serves to keep lac walls » ^ ^ Yacuum mid the c loctrophoretic 

and 56 apart, and preserve the desiaa ^ nsion Iaycr outside the vacum. The i 15 

50 Uiickness of layer 50 despite pressure | ^ ton baam charges the wires of the 

applied to the wall of the housing, due to ^ ^ appHes ^ mput cIectric fie ld 

die pressure of the electrode 57 or to bena- acrQSS fllc suspcns ion layer, 

ing of the housing, where the .^ectro- ^ arrangement includ- 

terial is a screeii made of nylon - J™& fa a^^SS medium and is 

Tetron is a Rename of *^«» r flb » ap^Sto a Opiate or sheet 65 which can 

.^»J^^^lIv to onaauo be P of material sudx as paper, metal or 
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quisite degree of dectrophotcric mobility esccat when the suspension medium or the 

is possible when voltage is applied, A suit- porous layer is luminescent; aon-Jumines- 

able suspension layer may be in a solid state cent electrophoretic material which can be 

at room temperature but capable of being used includes, for example, carbon black, 

5 softened by a suitable method, such as graphite or titanium dioxide. Black pigment 70 

heating or the addition of a solvent. may be opaque due to absorption of visible 

An electrode 57 is shaped to give a de- light and white pigment may be opaque due 

sired pattern of contact with the surface of to reflection of visible light, 
the suspension layer. A direct electric field An electrophoretic material suspended in 

10 is applied between the electrodes so as to a suspension medium usually has a charge 75 
move the elcctrophorelic material electro- which is positive or negative depending upon 
phorctically while the suspension layer is the properties of the electrophoretic ma- 
softened by heat or by means of a solvent tcrial and the suspension medium. 

The suspension layer is exposed to radia- Hie electrophoretic suspension iayer 27 
15 tion flux and when thereafter the electrode or 37 of Figures la or 2a can consist of a 80 
57 is removed the pattern remains on the single electrophoretic material of either 
surface of die suspension layer. If the base positive or negative polarity, suspended in 
plate is transparent, a complementary pat- a suspension medium. The electrophoretic 
tern of different colour can be observed suspension layer 42 or 44 of Figures 3a 
20 through the base plate. A permanent oaUern ^ or 4a must include at least two kinds_of 85 
can be produced by cooling the~.^^fei5h" T electrophoretic materials slispaidcJ^--thc 
layer or by evaporating the solvent as the medium. These two kinds of electrophoretic 
case may be. If the base plate 65 is con- materials must have different luminescent 
ductive, it may be used as the electrode, and properties, and different charge polarities 
25 a separate electrode 66 is not required. or electrophoretic mobilities. Accordingly. 90 
The luminescent component in the in preparing an electrophoretic suspension 
luminescent elcctrophorelic suspension layer foyer such as 42 or 44. at least two electro- 
can be a fluorescent material of the type phorctic materials having suitable lumincs- 
used in fluorescent lamps, scintillators, com properties and elcctrophorelic proper- 
30 cathode ray tubes, radar or luminous paints, ties must be selectively suspended in the 95 
The luminescent electrophoretic materia! suspension medium, 
can be organic or inorganic fluorescent ma- The suitable average particle sizes of the 
terials in a finely divided powder form; finely divided particles depend upon the 
fluorescent pigments or dyes can be used stability of the resultant electrophoretic sus- 
35 directly. Fluorescent material wmch can be pension, and lie usually in the ran^c from 100 
used include material in the form of a main o.l/i to 50«. ° 
body consisting of die oxide, sulphide, a ^ advantageous to add a suitable 
sclenide, silicate, phosphate or tungstate of charge control agent, dispersion a<*cnt or 
metal such as calcium, barium, magnesium, stabilizing agent to the electrophorctic sus- 
40 zinc, cadmium or strontium. A small amount pension layer in order to provide a stable 105 
of manganese, silver, copper, antimony, lead suspension foyer. To control die charge pro- 
or bismuth is added, as an activator, to the periy of die suspended particles it Is ^re- 
main body. Organic fluorescent materials feircd to use particles coated with a resin 
which can be used include dyes such as which is not soluble in, or only partially 
45 diaminosUIbenc group, fluorescein, thio- soluble in. the suspension medium: If the 110 
flavine, cosine or rhodamine E. coating resin is partially soluble in the sus- 
The luminescent appearance of the ma- peusion medium, it can also act as a fixing 
lerial refers to the intensity and/or spectral agent for a displayed image, 
distribution and persistence of the light There can be used, as a suspension 
50 emitted from die luminescent material in medium any suitable liquid which is inert 115 
response to radiation flux or electric field to the electrophoretic material, the porous 
applied thereto. Suitable luminescent sus-' layer, the housing and the electrode. For 
pension medium can be prepared by dissolv- producing a temporary display there can be 
ing the fluorescent dye in a liquid carrier used as a suspension medium in a liquid 
55 or by suspending electrically neuiral fluores- s * alc at room temperatures, that is from 120 
cent material in finely divided powder form to 35 °C. Suitable suspension media 
ia a liquid carrier. include, for example, kerosene, trichlorotri- 
Thc luminescent porous foyer can be fluoroethane. isopropyl alcohol, mineral oil. 
prepared by using non-luminescent cloth, liquid paraffin or olive oil. For producing 
60 mesh or porous layer material, dyed or a permanent display, that is, a permanent 125 
coated with fluorescent dye or pigment or or semi-permanent copy, the suspension 
by binding together fluorescent "material in medium may be one which is in a solid 
granular form, using resin or adhesive s ' ate at room temperature but can be 
agent, to form a porous structure. The rendered fluid or liquid* above room tcm- 
65 electrophoretic material need not be lumin- pcraiures, that is, above 35°C Such media 130 
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'■ '. . „ „.i h-hind ihe oancl the metal plate can be 

include, for cample. 1^ by a sLnd transparent glass plate 

£ax vczctable wax. paraffin or s/nthUh, ~pu. film on iL These meUiods 

5 ^^££2 LlSsSMw -S^it 3?S5L the elcctrophor- 

&7abS worn W^S^UfS^ etfc s^i™ «» be introduced by pro- 

n- to display. After me "=? c fi °J^ at td ^ a housintt with only one major wall 

Sbjccscd to the direct cWneW at .no v u. .« - Uje ^ d thon 7 , 

10 higL-r temperature an to ^ipgg £gn ^ nin j P ihtf cl V,n S wall, or the : h« 

bulion of the elcctrop^reuc . ma ^KU. a t0 can bo comi ,letcd but or 



15 




poured, and the inlet closed wnen u.c 

f : K«*. Virion flllfVl' oU 



• Lin* 



25 



30 



iucli as poiysijiw. .—j- - ---- .,„ n i,„ r ,;; c layer sunaoic ior a. unisparent -- 

Unseed oil which fixes to <*xt^Pj' "o P> T , . uicknC:J s o£ ihc layer 70 

Serial in a finely divided PO^uS <* Mufcal ^ ? It* 

and a hard copy having a pv.rnianenuy «*r£* . t t! laver an d the ewetro- l"> 

40 visible image reproduced thereon ^an b. ^ ^J^ oa la V cr 2 2 should have, 

obtained by evaporating or <^» a - ul f "7 Ef Q mrtti(m at a low voltage it is oesitablc 

Si tncdium P The evaperauon or c~ Tor o^ration ^ 

traction of the medium can be c- ~W o t^ Ke grcatcr a ,an that of 

reduced pressure ^P 1 *? 'hoi™™" in- ibc suspension layer 22. . UJ 

45 for example, by evacuating the hou * «J ^pesjon layer can be divioed to 

cludinc electrophoreue ^t fonncd present a scries of individual cells or chan - 

Pension medium through an outlet formed pr^r i ^ ^ ^ composUe ^ycr. For 

in a wall of the housing. Sample, as shown in Figure 12a the suspen- 

Suitable housings can be made of an> c^.ir- ^ ^ fe up by a plurality o 115 

50 available material ^^J^LLriz spacers' 71 extending Inversely of to 

suspension medium and the «^™P" or ^ f avcr so as to present a number of cells 

material. For exampte to fe« ^ 72 each containmg. the suspension JJc 
be formed from a plastic s.iea ™£= ^ prov idcd by a sh«t o. nu- 

central opening. One °' ^^^bv Serial 73 having holes tordri as shovvn . 1-0 

id«l with a metal p ate sc^unw , u, ^ ^ as ^ ^ ^ susp ,. 



central o w'«e- ~— , , , oc- ur »d bv tor a 7j navmg uoio " " .. 

55 be provided "with a metal pate s^™^ l ^ , 3 usc d ^ as t0 divide the suspen- 

adhesive to the frame: such a phu, may "^'^ . te chamb crs or cells, 

serve as one electrode as descrtoi T*e s.o i «iycr ^ ?4 of Qt , 

other xvall can be provided 1 by a ^ can liavc any suitable shape- such as 

«lass plate secured to the frame by adhesive, v e j circular, reel- l*» 

60. Sfplate having on it S'r I.Sagonal. and so on. The cells 

live thin film such as a film of ^ ^= u b resular 0 r irregular in shape and 
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display or the nature of the suspension, or 
both, but the ecus must be at least greater 
than the dimensions of the particles of 
clectrophoretic material in the suspension. 
5 By dividing the suspension layer into a 
plurality of cells or units a more uniform 
or sharply defined display can be produced 
because movement of the clectrophoretic 
material is confined to the limits of each 
10 cell. Suspension material in dilfcrent cells 
of the same assembly may emit light of 
different colour. The suspension units are 
preferably disposed between electrodes, one 
of v/hicli has a plurality of segment elec- 

15 trades as showu at E u E*. in Figure 

12b corresponding to and in contact with 
the suspension in the individual cells, the 
other electrode being transparent and ex- 
tending over the transparent wall 24 of the 
20 housing, also as sho^a-injJFigure 12b. If 
the cells arc very numerous, the electrode 
E,. E., Ej. etc. can be formed as dols. In 
this way, each cell with its portion of the 
suspension layer between an elect rede scg- 
25 ment and the common electrode forms an 
individually controllable picture element 
Each cell can be caused to produce a colour 
image by applying a direct village between 
the common electrode 28 and the selected 
30 segment electrode while the suspension layer 
units are exposed to radiation flux. 

One way to provide electrodes for a num- 
ber of such cells which are in an orderly 
pattern is to provide a first electrode struc- 
35 ture consisting of a plurality of strip elec- 
trodes parallel to each other and a second 
electrode consisting of a plurality of strip 
electrodes which are disposed at right angles 
to the strips of the first electrode, similar 
40 to the arrangement shown in Figure 7. The 
cell located at each intersection of a strip 
of the first electrodes and a strip of the 
. second electrodes can then be selectively 
activated, and can be used as a picture 
45 element The cells can then, by use of a 
suitable suspension, be arranged to emit 
different colour light, for example red light 
as at 50R. green light as at 50G. or blue 
light as shown at SOB in Figure 12c. The 
50 production of a suitable electric field by 
appropriate voltages impressed on the elec- 
trodes can be arranged to cause selected 
picture elements to reproduce a luminesc- 
ent coloured image on the display panel. 
55 A display panel for producing a colour 
image can be provided by using mosaic 
colour filters and a suspension capable of 
changing in shades of grey between Wack 
and white; areas of the transparent wall of 
60 the housing or the transparent electrode 
corresponding to each picture clement in a 
display panel of the type shown in Figures 
7 or 1 2b arc selectively coloured so that 
it acts as a colour filter, for example, for 
65 red, green or blue. However, a display 



device having at least three kinds of suspen- 
sions, that is red, green and blue, gives a 
better colour rendering, especially with re- 
spect to die brightness of die high lights, 
than can a panel with the mosaic colour 70 
filter on the transparent wall or electrode. 

A monogrammatic character display 
panel, similar io that described with refer- 
ence to Figure 6, can also be formed by a 
series of individual units each correspond- 75 
iug to one of the segmental electrodes 
shown. 

It is not necessary that the suspension 
layer should be defined by plane surfaces, 
and curved surfaces can be used. For ex- 80 
ample, in Figure 14, the suspension layer 
50 is enclosed in a housing consisting prin- 
cipally of two concentric cylinders 75 and 
76. The inner cylinder 75 carries an elec- 
trode ^79 -and cyhndeT76^a1r electrode -73 35 
attached thereto. Electrodes 79 and 73 are 
similar in nature to electrodes 52 and 53. 
The cylinder 75 can be constructed to en- 
close a gas such as, for example, argon or 
krypton and mercury capable of sustaining 90 
a gas discharge. WiUi die gases inenticiied. 
rilra-violet radiation, mainly at 2537A, is 
entitled if an electric field is applied to the 
gas in conditions to cause a suitable dis- 
charge 95 

The inner cylinder and the electrode 
attached to the outer surface of the cylinder 
are transparent to the radiation flux. The 
outer cylinder and the electrode on its inner 
surface are transparent to visible light A W0 
direct voltage from a voltage source 30 is 
applied between the electrodes so as to con- 
trol the spatial distribution of the clectro- 
phoretic material of the suspension and 
thereby the luminescent appearance of the W5 
device. The source 30 can supply not only 
the direct voltage but also said electric field, 
such as an alternating field for producing 
the gas discharge The inner, surface 101 
of the inner cylinder can have upon it a HO 
coating of fluorescent material to convert 
the light in the ultra-violet spectrum from 
the gas discharge into radiation in oUier 
parts of the spectrum. The device in Figure 
14 is useful as a fluorescent lamp, the colour U5 
of which can be changed by varying the 
intensity, duration time of application and 
thepolarity of applied direct voltage. 

the amount of eiectrophorctic material 
in a suspension medium or the thickness of 120 
the eiectrophorctic suspension layer is selec- 
ted, depending upon the opacity, luminesc- 
ent property or eiectrophorctic property of 
the clectrophoretic material, the range of 
colour change required in the device, "feasi- 125 
bility of the voltage soucc and so on. 

Siucc the display devices described are 
of the luminescent type, a'componerit of the 
suspension layer must be opaque with re- 
spect to the radiation flux and /or visible 130 
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d tue sicu"^ ■ " .--j f or a oiven ana mc aluminium r.uw «»x™. -» — 

phorctic material rcqu red for ^ sinusoidal alternating voltage 

colour change. ^^^^-^s^y of 250V at 1 kHz was applied between he 

pension layer in practical devices * "suany cIcctrodcs , die suspension layer emitted 

in the range from a few microns to a lew wo oc. ^ ^ EQ ^ 

10 mm. t c When the sinusoidal voltage was applied 7:> 

The following are examples of suitao : e beUWi|l the lw0 electrodes after application 

material of a direct voltage pf reverse polarity, the 

suspension laver was deep green. As men. 

F*AMPi.F I ~ i tioned above, the suspension layer in this 

E Ten grains of Cyanine green B i pgric* vi?iblc Kght when ultra- 80 

15 which is phlhatocyanme green supplied ^ of an a , tcrnating electric field 

Sppon Ink Chemical Industry Com- ^ tQ ^ jhc cell was useful as 

nany in Japan, were added to 100 r.U ot ^ ^ ffeea bnghl . 

^ oil -S^^i^wS -«« * Cd - - ^ :: - 

S^The green particles had negative f nu3resccil j pov vdcr partie =s 

So polarity in olive oil. ^2™* £ applied as EL-RI by Dainmpon Pamt 

a nuor^ccnt powder g£^ w j$uS.w Company in Japan, in a main body of an 

25 Company 

« * * t _ 



^t^^'bV^^ uUr^onic T-ibraiion to "prod* 



"'^T^Trf sheet No. 1000 

had a faint green colour wuen supplicd bv Uie Teijin Cor.ipany of Japan 

white light. The f ' VSadfv and dW and woven of polyester fibre was. coated 
had weak positive charge polan > to d ft , uinill ^ ccri 

not show any noticeable eU porous layer. The porous layer omitted I red 



30 



35 




to produce a tnird paste, i «<- »rc P» fluorescent powder particles as used m Ex- 
was placed- between ^ aluminiom plau ^ ^ rf pyl 
and an EC glass desuode sf J° Procu.c, a v ^ fe an uttiasomc 
himlueKsni elwtrophoreuc wswnsgn la,, a ca,o suspe ns on. ITie 



90 



95 



100 



105 



catnooe aim ^ * f . susncns ion The housing was maae uquw-uu.^ ^ 

50 the luminescent colour of the suspend. dfa j a ^ t- When the suspension 

layer changed and ^ c * *™ ^p^rf, through the EC glass efce- 
When the polarity of the appj tTode , [ 0 ultra-violet light from a black 

was reversed the colour of Mhe ^P^ l ° n ™ • hs suspension layer enutted 

layer became deep grecr, l Jhc ^o W , i2 & W hen a direct voltage of 25V 

55 grin, colour of tte SUSP"*™ was applied between the EC glass electrode . 120 

be changed « brl ^. m f? n b * Sty of as anode and the aluminium plate as cath- 

voltagc. tirne of a «^^5jS^m ode. the lumi.KScent colour of the suspen- 

the applied voltage. The doplajea co our ^ undcf ultfa . vlolct , lght . 

. could be maintamed a fter *e^^™ 0 ^ ^plication of"a direct voltage of reverse 

60 the applied field ^J^^Zm polarity between the EC glass electrode and 125 

characteristic of the s ^™SicVtion we aluminium plate changed the luminesc- 

also change its green colour onapP««^ ^ f l , hc s f lspsnsi on layer from 

n? a direct voltage, when viewed unoer <- . A sinusol< ial 
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alternating voltage of 150 V and 60 Hz 
was half -wave rectified by a rectifier so as 
to produce repeated unidirectional pulses of 
voltage and when this pulse voitage was 

5 applied between the EC glass electrode and 
the aluminium plate, the suspension layer 
emitted electroluminescent orange light 
when Hie EC glass electrode was the cath- 
ode and green light when the glass was the 

10 anode. 

The device of this example was useful 
as an electric colour changeable panel cap- 
able of being altered in colour from green, 
through yellow, to red and vice versa tinder 

15 excitation by ultraviolet iigjit 

Attention is directed to our co-pending 
Applications 19611/70 and 19612/70 (Serial 
Nos. 1313.412, U13.413) which contain 
claims directed respectively to devices and 

20 to methods of opcrating^lc^iccs utilizing 
eleetrophoretic movement" 

WHAT WE CLAIM IS:— 

1. A display device comprising a layer, 
including a luminescent material, the lumi- 

25 ncscent appearance of the device being 
controllable by eleetrophoretic movement of 
an eleetrophoretic material in said layer. 

2. A display device in accordance with 
claim 1, wherein said eleetrophoretic ma- 

30 teriai is luminescent 

3. A display device in accordance with 
claims 1 or 2, and comprising a luminesc- 
ent non-electrophoretic material. 

4. A display device comprising a layer 
35 including a suspension medium and at least 

one material in a form susceptible of elee- 
trophoretic mobility suspended in said 
medium, at least one of the components of 
said layer being luminescent material, and 

40 at least one of the components of said layer 
being substantially opaque to the radiation 
which excites the luminescence or to visible 
light emitted by the luminescent compon- 
ent, said suspension being bounded by op- 

45 posed surfaces, spaced electrodes positioned 
with respect of said surfaces whereby on 
applying an electric field across said layer 
between said electrodes, the spatial distri- 
bution of said eleetrophoretic material be- 

50 tween said surfaces is dectrophoreticalTy 
changed whereby to change the* luminescent 
appearance of said device. 

5. A display device in accordance with 
claim 4, wherein said surfaces are generally 

55 parallel. 

6. A display device in accordance with, 
claim 5, wherein electrodes are positioned 
to impose on said suspension a field which 
is substantially at right angles to the said 

60 surfaces. 

7. A display device in accordance with 
claims 4, 5 or 6, wherein at least one 
electrode is positioned on one of said sur- 
faces. 



8. A display device in accordance with 65 
any of claims 4 to 7 wherein a wall mem- 
ber defining at least one of said surfaces is 
transmissive to energy for exciting said 
luminescent material. 

9. A display device in accordance with 70 
any of the preceding, claims, wherein said 
luminescent material is capable of being 
rendered luminous by electromagnetic radi- 
ation. 

10. A display device in accordance with 75 
claim 9. wherein said radiation is in the 
non-visible spectrum. 

11. A display device in accordance with 
claim 10, wherein said radiation is in the 
ultra-violet range. 80 

12. A display device in accordance with 
any of the claims 4 to 8. wherein said 
radiation is energy from a radioactive 
source. _ _ • _ — . 

13. At display device in "accordance with 85 
claim 12, wherein said source is an em- 
bodied part of said display device. 

14. A display device in accordance with 
claim 13, wherein said source is in said 
suspension. 90 

15. A display device in accordance with 
claims 12, 13 and 14, wherein said energy 
is radiation from a radioactive isotope of 
radium, strontium 90, tritium or promc- 
thiura 147* 95 

16. A display device in accordance with 
any of claims 4 to 15 comprising means 
for applying a voltage between said elec- 
trodes. 

17. A display device in accordance witli ioo 
claim 16, and comprising means for im- 
pressing an alternating electric field on said 
layer. 

18. A display device in accordance with 
claim 16, and comprising means for im- 105 
pressing a repetitive <mi-directional pulse 
field on said layer. 

19. A display device in accordance with 
any of claims 4 to 18, wherein at least said 
eleetrophoretic material is luminescent HO 

20. A display device in accordance with 
any of the preceding claims and comprising 
at least two eleetrophoretic materials, which 
differ in charge polarity. 

21. A display device in accordance with 115 
any of claims 1 to 19. and comprising at 
least two eleetrophoretic materials, which 
differ in eleetrophoretic mobility. 

22. A display device in accordance with 
any of the preceding claims, and comprising 120 
at least two eleetrophoretic materials which 
differ in luminescent properties. 

23. A display device in accordance with 
any of claims 4 to 22 wherein said suspen- 
sion medium is luminescent 125 

24. A display device in accordance with 
any of claims 4 to 23, and comprising a 
porous layer inserted in said suspension 
medium. 
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____ T! ~c .u; mc a. to 35 wherein at least one 

05 A displaydwice in accordance with any fa j ormed „ a scries of 

claim 24 Sin said poious layer is bum- jj^^ectrodes disposed on a com- 

"^TV displav device in accordance with mon . dcvicc in accordance with 

anfof cTafmsVto 25. tT^Jdtte claim 37. whSn said electrode is formed 

dSi further contains a binder J« a* 1 ^ 'a series of substantially parallel stnps of 

"ITa display device in f£& ofsuSam fig^M 

anv of claims 4 to 26. wherein said suspen- WW ^ a *, d m ^ cli!A . 

S mSm « a hardcnatolc material. str^s ° A e d % , ay devicc in accordance with 

% A display device in accordance w rth <w a g y ^ of t 

claim 27. wherein said suspension medium ctaunsrf disposed subslanUally 

iS g* AdiSfd-teta accorda-ce with at right an^ ^ ^ 

any of claims 4 to 26 vmcrem sa.d suspen- 41. A > ^ to dclm c 

ston medium is heat softenaWe. individual bodies of suspension pertaining 
Sl m A display devicc >£~$^j£. Tid controllable- by »d independent 

iSr« Wd » ^ A display device in accordance with 

rion and means for controUing said electric 41 A fflsgay individual bodies of 

field ai totality and/or duration and/or ^J^™ w diffcront luminescent prop- 
erties. 
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32. A display acvi«= •« - — - - . , u or iranspar< — 

35 *£ A display device = f ^ dlafmnt^oM^ 

C aScm^T?ranspari" ^Tdisplay device in accordance, with „ 

rSon inducing luminescence and the 4fc a a p ^ ^ ^ ^ ^ 

oiTe^trode and the other wall n trans- a «npjWng»»« 

40 parent to visible light accordancc wiui for producing a luminous electric dischar a e 

claim 33 A «" walls J5 X' Hsplay device in accordance with ,00 

oarent with respect to said energy or rada- 47 a P > ^ d ^ g 

C^toomdectitKteattashodto^. ^^ on Vli{h an electron beam dc- 

45 and the other of the wal Is is transparent m ' * the beam current of which is adapted 

43 wl respect to ^ S^oSS* the electric field existing across 

claim 32. wherein one *J°*£»*^f £ staktially as described, with reference to the 

50 -fl«*^" I 3LX^^*b accompanying drawmgs. 

f l A display device in accordance wi* ^TKf '' 

any of claims^ 4 to 35, wherem at least one ^humberland House. 

55 of said electrodes is in the shape of a oe 303/306 High Holborn. 

*^^7At?£i« cotton* London. W.C.I. 

Published a. The »«g«^eh ^pte may be obtamed. 
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